INTRODUCTION
This report describes the chemical quality of surface streams in the West Branch Susquehanna River basin above Lewisburg, Pa., which is 7 miles from the river mouth. The drainage area of the river at Lewisburg is 6,847 square miles. Quality studies were made of the river at selected locations along its length and of those tributaries that drained areas of 200 square miles or more. The quality of several tributaries draining areas less than 200 square miles was evaluated also because these tributaries affect the quality of the Cl C2 CONTRIBUTIONS TO THE HYDROLOGY OP THE UNITED STATES river significantly when stream and river mix. These tributaries were the principal acidic streams that drained the bituminous coal fields of Clearfield and Cambria Counties. The chemical quality of streams described is mostly based on data obtained by analyzing daily samples taken from the river near Curwensville from August 1960 to April 1961, at Lock Haven from October 1958 to September 1959, and at Lewisburg from October 1957 to September 1958. Other data based on chemical-quality records of the river and its tributaries obtained as early as 1944 were also used. At many places samples were taken only at high or low streamflow. All samples were analyzed by the U.S. Geological Survey for the most common ionic constituents of water and their individual concentrations. Dissolved solids, specific conductance, pH and color were also determined.
The Commonwealth of Pennsylvania proposes to construct reservoirs in the West Branch Susquehanna River basin on the main river near Curwensville, and on Bald Eagle Creek approximately 1 mile upstream from Blanchard. The Alvin R. Bush Reservoir on Kettle Creek was completed in 1962. It is located approximately 8.5 miles above Westport.
These reservoirs will prevent flooding of streams and will provide areas for storing water of good quality essential for the economical management and distribution of water throughout the river basin. How efficiently the water resources of a river basin are handled by management depends largely on the availability of water-quality information. Such information on acidic water in the basin is useful to engineers designing reservoirs because satellite structures, such as dams and their control gates, spillways and bridges, when made of ordinary materials, are strongly unresistant to acidic-water weathering. The degree and rapidity of deterioration of most structural materials are related directly to the quality of water to which they are exposed.
In the West Branch Susquehanna River basin intangible damages can be expected if streams bearing acidic coal-mine wastes are impounded for recreational use or for controlled distribution to augment streamflow or to improve or stabilize quality in downstream areas. For example, some forms of plankton and certain strains of bacteria may thrive abundantly in impounded acidic water that contains coal-mine wastes because most mine effluents contain heavy concentrations of iron and manganese which nurture their growth. If their growth is unchecked, colonies form to consume oxygen and increase the carbon dioxide content of the water, which may create an unfavorable environment for aquatic life. Water impounded in reservoirs is an unnatural innovation which can cause water temperature lation of these counties is nearly 1,000,000, according to the 1960 census, and the population of the largest city, Williamsport, is approximately 42,000.
The mean annual air temperature in the basin is 50° F, and the mean annual precipitation is 40 inches.
The West Branch Susquehanna River Basin drains the Allegheny Plateau. The basin is underlain by shale and sandstone containing coal, oil, iron ore, and in some areas, limestone. Acidic wastes from coal mining and associated operations in the upper basin drain into nearby streams. Because of this environment the river is acidic for more than half its length.
In the lower half of the basin, streams draining sandstone and limestone areas acquire alkaline characteristics. The alkaline properties of these tributaries neutralize some of the acid in the main river, but neutralization is not complete above Lock Haven. Not until the river receives the diluting water of Pine Creek and the neutralizing water of Bald Eagle Creek does its acidic character change.
WATER QUALITY IN THE WEST BRANCH SUSQUEHANNA RIVER BASIN WEST BRANCH SUSQUEHANNA RIVER NEAR CURWENSVILLE
The results of the water-quality study of streams in the river basin are presented in downstream sequence from Curwensville to Lewisburg. At Curwensville the river drains parts of Clearfield, Cambria, and Indiana Counties where coal deposits are recovered by deep-mining and strip-mining methods. Rocks adjacent to coal seams contain compounds of sulfur, and when strip mining exposes them to air and water, sulfuric acid is formed. Much of the water pumped to the surface from deep mines has been exposed to sulfur-bearing rocks underground for long periods of time, and therefore may be highly acidic and concentrated with solutes (McCarren, Wark, and George, 1961) . Mining activities in the vicinity of Curwensville cause acidic wastes to be discharged to nearby streams.
The West Branch Susquehanna River drains an area of 315 square miles at Bower, which is approximately 18 miles upstream from Curwensville (pi. 1). At this location the average discharge for 47 years was 553 cfs (cubic feet per second) (table 1), which is approximately 360 mgd (million gallons per day).
In April 1960, field tests for specific conductance and pH of the river and its tributaries near Curwensville were made and samples taken for chemical analyses. From August 1, 1960 , through May 9, 1961 , samples were collected daily to determine specific conductance, pH and temperature of the river. The first 10 samples collected , 500  3-18-36  30,600  3-18-36  2,760  3-1-54  50,900  4-1-40  59,800  7-18-42  7,970  3-8-56  236,000  3-18-36  5,130  10-15-55  52,000  5-28-46  21,800  5-27-46  264,000  3-18-36  51,200  11-16-26  7,310  3-11-52  262, 000  5-29-46   Minimum   14  8-29-39  6 Near Curwensville the river contains calcium sulfate water. An average of the analyses completed showed that calcium, magnesium, and sulfate represented approximately 75 percent of the dissolved solids. Calcium and magnesium occurring in rocks and soils in the area are dissolved in water by weathering processes. Although calcium and magnesium cause most of the hardness of the river water, aluminum, iron, and manganese from these rocks and hydrogen ions of the acid mine water also contribute to the hardness. Hardness ranged from 67 to 409 ppm (parts per minion) table 2.
Sulfate, which results mostly from oxidation of coal mining wastes, ranged from 74 to 707 ppm from September 1957 to April 1961. Sulfuric acid discharge by the river was approximately 23 tons per day a value obtained by multiplying the concentration of sulfuric acid (in parts per million) in the river by the discharge at time of sampling, using 0.0027 as a factor for converting to tons per day (table 3). The acidity of the river at Curwensville affects the chemical quality of the river downstream as far as Lock Haven where the river flows acidic most of the time (Pennsylvania State Planning Board, 1953) . Specific conductance is a useful characteristic of natural water to indicate the concentration of dissolved minerals. As mineral concentrations increase, the specific conductance also increases. (For the analyses of the river near Curwensville shown in table 2, the Dissolved-solids content (in parts per million) ranges from 61 to 75 percent of the specific conductance in micromhos).
QUALITY OF SURFACE WATER, SUSQUEHANNA RIVER-BASIN
Specific conductance of the river near Curwensville from August 1960 to May 1961 ranged from 132 to 1,390 micromhos (table 4) ; 50 percent of the time it equaled or exceeded 475 micromhos ( fig. 1 ). The maximum specific conductance for the period of record was 1,400 micromhos on September 11, 1957.
Dissolved-solids content of the river water from 1960 to 1961 ranged from 125 to 934 ppm. As shown in figure 2, the dissolvedsolids content was less concentrated during high flow than during low flow. From August 1, 1960, to May 9, 1961, the river was acidic. The pH ranged from 3.25 to 4.8 (table 6) . Water temperature during the same period ranged from freezing for many days to 81° F in August (table 7) . The Curwensville dam will create a conservation pool that will be available for recreation, although impounded water in this region is likely to contain acidic coal-mine wastes. If and when water stored in the reservoir has a quality inferior to that of the river below the dam, flow from storage can be withheld until its quality has been improved or it can be released in harmless increments. Furthermore, releases of stored water from above the Curwensville dam can be delayed until discharge and quality of the receiving stream can help to counteract the effects of inferior or acidic water by dilution or neutralization. The acidic water of the West Branch Susquehanna River near Curwensville will attack ordinary concrete and metals if they are used in the construction of the Curwensville dam. An example of damage done by acidic water to lock and dam structures was illustrated at the Loyalhanna Reservoir in western Pennsylvania. After 1 year of service, the control gates had to be replaced because of the corrosive damage done by the impounded water (U.S. Congress, House Committee on Public Works, 1962). Usually streams that are acidic because of mining wastes contain relatively high concentrations of sulfate, which will disintegrate concrete, as shown in the following Furthermore, acidic water is not recommended for use in mixing concrete, although some tests in which acid mine water was used in mixing portland-cement concrete indicated an increase in tensile strength or an acceleration in setting time (California Water Pollution Control Board, 1952) . Therefore, it may be advisable not to use the water from some surface streams for mixing concrete until samples are tested.
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Compared with natural water the West Branch Susquehanna River at Curwensville contains high concentrations of aluminum, iron, and manganese, as do most streams that drain coal mining regions. Manganese concentrations ranged from 0.55 to 3.6 ppm in the 11 samples analyzed (table 2). These concentrations are considered high for most industrial uses (American Society for Testing Materials, 1959) . Although the river is acidic, manganese remains in solution; but it precipitates if oxygen is available, and the pH is increased. Neutralization by seepage of alkaline ground water is one way the river pH may be increased.
Iron and manganese impart strong staining characteristics to water when they precipitate as insoluble hydrates. In water, iron and manganese also nurture the growth of some micro-organisms, such as Crenothrix, which colonize in reservoirs (American Water Works Association, 1951). When a Crenothrix colony forms, it often attaches to the sides of reservoirs, aqueducts, or spillways and appears as a brown or black slimy mass. Unsightly, Crenothrix is an alkaliproducing colony and, therefore, may promote the precipitation of iron and manganese from water to cause localized staining. Once iron or manganese is precipitated and formed on the reservoir, further precipitation of these ions may continue by catalysis in the area affected.
CLEABFIELD CREEK
Approximately 9 miles east of Curwensville, Clearfield Creek flows into the West Branch Susquehanna River near Clearfield. The Creek is so named because of the clearings along its banks. It is 62 miles long and drains 396 square miles of parts of Cambria and Clearfield Counties. The average discharge of the Creek at Dimeling for 47 years of record 
WEST BRANCH SUSQUEHANNA RIVER AT KARTHAUS
Approximately 42 river miles separate CurwensvilLe from Karthaus. The Drainage area of the West Branch Susquehanna River at Karthaus is 1,462 square miles, including the area drained by Mosquito Creek. The discharge of the river at Karthaus averaged 2,499 cfs, or approximately 1,610 mgd, for the 20-year period .
The principal ions in the river at Karthaus are calcium and sulfate. As with most streams, the solute concentration is greater at times of low discharge than at high discharge. Note in table 2 the two samples of August 1944 and April 1945; each was taken at a time of active mining in the headwater area. The April sample was taken when the discharge was average; the August sample was taken when the discharge was approximately one-third as great. In the August sample many solute concentrations are twice as great as in the April sample. The third sample (October 1957) was taken some years after most mining operations had ceased. At that time the discharge was about onethirteenth of the average. Sinnemahoning Creek contains a calcium sulfate water, and water in many segments of the stream is usable for industrial, domestic, and recreational purposes. At Costello the stream is used, after treatment, as an industrial supply. However, the stream carries some mining wastes and, therefore, is acidic at times. Waste from paper mills also reaches the stream. For one sample collected during low flow on October 10, 1944, at Sinnemahoning the pH was 3.80, specific conductance 335 micromhos, dissolved-solids content 205 ppm, and hardness 135 ppm. When the flow was a little greater than average on May 23, 1945, the pH was 7.3, specific conductance 59 micromhos, dissolvedsolids content 35 ppm, hardness 22 ppm, and bicarbonate concentration 6 ppm (table 2).
KETTLE CREEK
Kettle Creek flows through 41 miles of a picturesque valley of hemlocks and natural wilderness of the Pennsylvania State game land in Clinton County. It is an excellent fishing stream that contains trout, muskellurge, sucker, and fallfish (Pennsylvania Fish Commission, 1961) .
The Creek drains an area of 240 square miles of parts of Tioga, Potter, Cameron, and Clinton Counties and flows into the West Branch Susquehanna River at Westport. Underlying the basin are shale and sandstone containing some coal deposits in the upper basin. For a 6-year record near Westport (1954-60) the average discharge was 381 cfs (table 1) .
Part of the time Kettle Creek contains a calcium bicarbonate water and part of the time a calcium sulfate water. The bicarbonate and sulfate ion concentrations are predominant at alternate times. Although the stream is acidic on occasion because of coal mine waste (pH 4.25, table 2), its chemical quality is generally good. Most of the time the pH is less than 7.0, and dissolved-solids content is less than 65 ppm.
QUALITY OP SURFACE WATER, SUSQUEHANNA RIVER BASIN C23
Completed in 1962 the Alvin R. Bush Dam on Kettle Creek is part of a flood-control project controlling a drainage area of 226 square miles. The dam is located approximately 8.5 miles from the mouth of the Creek. During periods of water surplus the reservoir and recreation areas can be used for storage. Releases of good-quality water from storage could augment flow in the Creek and the West Branch Susquehanna River during dry periods and improve the quality downstream by diluting the concentration of dissolved solids. In addition, the releases of good water from the Kettle Creek Reservoir to the West Branch Susquehanna River could help counteract the deleterious effects of accidental spillages of pollutants into the river.
WEST BRANCH SUSQUEHANNA RIVER AT LOCK HAVEN
There are approximately 100 river miles between Curwensville and Lock Haven. Based on streamflow records of the river at Renovo (table 1), the estimated average discharge at Lock Haven for a 47-year record was 5,460 cfs, or approximately 3,530 mgd.
Although the West Branch Susquehanna River improves in quality between CurwensviJle and Lock Haven, its water is still acidic at Lock Haven. The improved quality is largely attributable to the river's many small tributaries above Lock Haven that contain bicarbonetes and have a lower concentration of dissolved solids than is in the river. Tributary water having these characteristics helps to dilute concentrations of solutes and to neutralize part of the acidity in the main river.
The bicarbonate furnished by some tributaries and that which enters the main stream directly from underground seepage is insufficient, however, to neutralize the river at Lock Haven, where the pH of 4.5 is exceeded only 10 percent of the time (table 8) . From October 1, 1958 , to September 30, 1959 , the estimated discharge of sulfuric acid in the river flowing past Lock Haven was 180 tons per day (table 9) . During the 1959 water year the river at Lock Haven contained calcium sulfate water. The specific conductance of the water was less than 230 micromhos 50 percent of the time (fig. 4) ; the weightedaverage noncarbonate hardness was 85 ppm (table 10) 2  3  2  2  3  2  3  3  3  2  3  3  5  3  2  2  2 (table 2) . Bicarbonate is the dominant ion. The creek helps to neutralize and to dilute much of the acidity of the West Branch Susquehanna River when the creek and river mix.
Upstream at Blanchard, 14 miles from the mouth of Bald Eagle Creek, the average flow for a 6-year period (1954-60) was 469 cfs. However, the average discharge of this stream into the West Branch Susquehanna River probably is greater because other streams contribute water to Bald Eagle Creek below Blanchard. The first appearance of bicarbonate is in segments of the West Branch Susquehanna River below the mouth of Bald Eagle Creek. Limestone springs that underlie this subbasin give Bald Eagle Creek a dependable dry-season flow. One of these springs at Bellefonte gushes approximately 11,500,000 gallons of pure drinking water daily.
Because all the available supply from the limestone springs is not needed by Bellefonte and surrounding communities, approximately 8,000 gpd are directed to Spring Creek, tributary to Bald Eagle Creek at Milesburg. This spring water is reported to have a year-round temperature of 50° F.
Several small tributaries in the basin are used for domestic supply. Spring Creek and Bald Eagle Creek, downstream as far as Blanchard, are stocked with brook, brown, and rainbow trout. Other species in the stream are smallmouth bass and pickerel. Sportsmen call areas along Spring Creek "fisherman's paradise."
A flood-control reservoir will be constructed on Bald Eagle Creek, approximately 1 mile upstream from Blanchard and 15 miles from the stream mouth. An area of 339 square miles will be drained above the dam site. A conservation pool of about 370 acres will be available for recreation. Because of the year-round availability of water from the many prolific springs in the area, storage of large quantities of good quality water is possible in the impoundment areas. Regulated releases of impounded water could be used to help maintain flow and quality of Bald Eagle Creek and the West Branch Susquehanna River downstream from its confluence with Bald Eagle Creek. Lycoming Counties (table 1) . Its main tributaries are Marsh, Babb, and Little Pine Creels. The subbasin is underlain with shale and sandstone, containing coal and oil deposits.
Pine Creek contains a mixed-type calcium bicarbonate sulfate water that is low in dissolved solids. For the tunes the stream was analyzed near Jersey Shore the dissolved solids did not exceed 52 ppm, pH ranged from 6.7 to 7.4, and specific conductance did not exceed 105 micromhos (table 2).* When the waters of Pine Creek mix with the West Branch Susquehanna River, they help to dilute the concentration of solutes in the main river.
Based on 42 years of record , the average discharge of Pine Creek at Cedar Run was 826 cfs, or approximately 520 mgd.
At Waterville the recorded average discharge for 12 years (1908-20) was 1,144 cfs (U.S. Geological Survey, 1960) , or approximately 740 mgd. However, at Waterville the discharge does not include the discharge of Little Pine Creek, which drains 172 square miles of Tioga and Lycoming Counties. Therefore, the average discharge of Pine Creek into the West Branch Susquehanna River near Jersey Shore is considerably more than the reported average discharge of Pine Creek at Waterville.
Pine Creek is used as a source of supply to the Galeton-Eldred Water Co. It is also open to fishermen who may catch brown and rainbow trout, small-mouth bass, walleyes, suckers, and bullheads.
LYCOMING CHEEK
Lycoming Creek flows into the West Branch Susquehanna River at Williamsport. Lycoming is a Delaware Indian word meaning "sandy stream." The creek is approximately 23 miles long and drains 276 square miles of parts of Bradford, Lycoming, Sullivan, and Tioga Counties (table 1). The subbasin is underlain by shale and sandstone in which are coal deposits.
Lycoming Creek contains a calcium bicarbonate and calcium sulfate water of good quality. The maximum of 10 specific conductances measured on the stream from 1952 to 1957 was 77 micromhos. The range of pH was 6.6 to 7.4 (table 2).
For most of its length, Lycoming Creek provides the environment for the propagation of aquatic life. This stream contains trout, smallmouth bass, suckers, and fallfish.
WEST BRANCH SUSQUEHANNA RIVER AT WILLIAMSPORT
The West Branch Susquehanna River at Williamsport contains a calcium magnesium sulfate water, and commonly has a pH between 6.0 and 7.0. Sulfate is the dominant constituent (table 2) .
The acidic characteristic of the river in upstream segments has been changed noticeably in the reach of the river between Lock
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Haven and Williamsport. Evidently several tributaries of goodquality water and ground-water seepages from limestone and sandstone aquifers underlying this part of the basin have produced the more diluted and neutral water that flows past Williamsport.
Concentration of dissolved solids decreases as water discharge increases, and conversely the concentration increases when water discharge is low. Low flow usually occurs during the summer; consequently, the concentrations ctf most solutes are at their highest level at this time.
The average discharge of the river at Williamsport for 65 years (1895-1960) was 8,887 cfs (table 1) , or approximately 5,730 mgd.
The Pennsylvania State Health Department has established an automatic monitoring station at Williamsport for detecting acidity and changes in the quality of the West Branch Susquehanna River. Acidity, or other harmful properties of water, can sometimes be counteracted by dilution with good water released from upstream impoundments once they become available. This would tend to lessen the influence of harmful properties of water downstream.
LOYALSOCK CREEK
A short distance to the east of Williamsport, Loyalsock Creek flows into the West Branch Susquehanna River at Montoursville. Loyalsock is a corruption of the Indian Lawi-saquik meaning "middle creek." The stream is 59 miles long and drains an area of 493 square miles of parts of Bradford, Lycoming, Sullivan, and Wyoming Counties. Most of the subbasin lies within the glacial area and is underlain by shale and sandstone containing deposits of soft anthracite.
At Loyalsock, 7 miles upstream from the mouth ol the creek, the average discharge for 35 years (1925-60) was 762 cfs (table 1) . Loyalsock Creek has good-quality calcium bicarbonate sulfate water, low in dissolved solids (table 2). The stream contains trout, smallmouth bass, walleyes, suckers, and bullheads.
MUNCY CHEEK
Muncy Creek joins the West Branch Susquehanna River near Muncy, approximately 20 miles upstream from Lewisburg. Muncy is a corruption of the Indian tribal name Minsi, meaning "wolf." The creek is 33 miles long and drains 216 square miles of parts of Columbia, Lycoming, Montour, and Sullivan Counties. Shale, sandstone, and limestone underlie this subbasin.
The average discharge of the stream near Sonestown for 20 years of record (1940-60) was 48.8 cfs (table 1) .
Muncy Creek contains good-quality calcium bicarbonate sulfate water, low in dissolved solids (table 2). The species of fish available in the stream are trout, smallmouth bass, bullheads, suckers, and fallfish.
WEST BRANCH SUSQUEHANNA RIVER AT LEWISBURG
Lewisburg, on the West Branch Susquehanna River, is approximately 7 miles upstream from the river mouth at Northumberland.
During early phases of the cooperative program between the Geological Survey and the Pennsylvania Department of Forests and Waters, the West Branch Susquehanna River at Lewisburg was selected as a site for daily sampling and chemical analyses. Sampling was continuous from 1944 to 1953 and, after a lapse of 3 years, was resumed in 1956. For most of the period of record, daily samples were composited into groups consisting of samples taken in sequence and composited at intervals of 10 days.
The average discharge of the river at Lewisburg for the 21-year period (1939-60) was 10,880 cfs (table 1) , or approximately 7,020 mgd. The average discharge of 11,390 cfs for the 1958 water year (table 11) was approximately 4 percent greater than the average discharge for the period of record. Runoff during the 1958 water year was greater during the winter and spring than during the summer and autumn. This pattern of runoff at Lewisburg is characteristic of the entire river basin and causes seasonal variations in dissolved solids and specific conductance. Figure 6 shows variations in specific conductance and water discharge at Lewisburg for the period October 1944 to September 1950.
The specific conductance of the river at Lewisburg from October 1957 to September 1958 was less than 285 micromhos 90 percent of the time and exceeded 205 micromhos only 30 percent of the time (fig. 7) . The average for the year was 184 micromhos; a maximum of 406 micromhos occurred October 7 during a period of low flow, and a minimum of 68 micromhos occurred April 8 during a period of high flow.
At Lewisburg the West Branch Susquehanna River contains a calcium sulfate water. Natural water usually contains calcium as a major constituent because compounds of calcium are widespread in soils and sedimentary rock and many of them are readily soluble, both underground and at the surface, through processes of weathering.
Calcium represents approximately 16 percent of the dissolved material in the river at Lewisburg and, combined with magnesium, also common in soils, represents more than 20 percent of the materials in solution (fig. 8 ). The ratio of calcium to magnesium in the river at Lewisburg, based on parts per million, is usually about 3 to 1. When computed from equivalents per million, the ratio is about 1.8 to 1.
Although the river at Lewisburg is nonacidic most of the time, the acidic character of the upper river accounts for the concentration of (table 11) , which was higher than the average reported for other water years. The minimum hardness of water occurred during periods of high flow, commonly during winter and spring. However, much of the time hardness-causing constituents were within tolerance limits prescribed by many industries and other users (Fair and Geyer, 1954) . Approximately 55 percent of the dissolved solids in the river at Lewisburg is sulfate ( fig. 9 ). Waste sulfuric acid draining from coal mines into streams of the headwaters account for the high sulfate. Sulfate does not form insoluble compounds with the concentrations of cations that ordinarily may be dissolved in the river water. Sulfate transported by the river past Lewisburg during the 1958 water year averaged 1,250 tons per day (table 12) .
The minimum pH daily samples of the river at Lewisburg during the 1958 water year was 6.2. For a period of 4 years (1944-48) pH of similar samples was 5.0 or more about 97 percent of the time. Most of the low values occurred during the war years, 1944-45, when coal mining in the upper basin was at near-peak production. Temperature of the river during the 1958 water year exceeded 75°F only 5 percent of the time ( fig. 9) .
Nearly 60 river miles separate Lewisburg from Lock Haven, and this part of the river drains an area of approximately 3,000 square miles. The average discharge at Lewisburg is about twice the average Lewisburg, Pa., October 1957 to September 1958 Collection period
